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PREFACE 



Ninth Symposium -- An Experiment 



Since this preface is obviously being written before 
the symposium, I am going to discuss what we hope to ac- 
complish at the meeting. 

As gamers, by definition, are action-oriented indivi- 
duals, their symposium should reflect their activity. We 
will try to actively involve all the participants -- both 
the speakers and the audience -- in two basic ways. 

First, each session chairman has created a general 
theme to enable the audience and the speakers to discuss 
a subject relevant to the session. The speakers can focus 
their presentation toward that general topic, if they de- 
sire. We think a two-fold purpose is thus achieved. The 
audience learns about the speaker’s specialty, and has an 
opportunity to exchange views on a topic relevant to them 
both . 

Second, the physical set up of the symposium will en- 
courage dialogue. An arena seating arrangement whereby 
the speakers are seated at a round table encircled by the 
audience should help create an informal atmosphere, and 
thus aid audience participation in the sessions. 

Also, demonstrations of games -- in various fields 
will allow attendees to participate in the games designed 
and built by their fellow gamers. 

You will note that the last item on the program is an 
informal discussion on the future organization of the 
Council. Up to now, a handful of individuals have been 
responsible for the Council's activities. With more and 
more people becoming interested and involved in gaming and 
simulation, it seems to be time to shift the leadership of 
the organization to the public sphere. Admittedly, it is 
more difficult for a university to sponsor a symposium 
than it is for a corporation, but it has and can be done. 
We hope that many interested members will attend the dis- 
cussion which will be only as long as necessary. 



Gamers are action-oriented creative persons. if anyone 
thinks that he has a better plan for a symposium, we in- 
vite him to create his own experiment at the Tenth Annual 




Peter House, Chairman 
Ninth Symposium 
National Gaming Council 
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META-MODELING AND WAR GAMES 



Mr. George E. Armstrong and Captain John A. Battilega 
US Army Strategy & Tactics Analysis Group 



Introduction 



"Meta-modeling" is a coined word. It is derived from the prefix 
"raeta" — a later or more highly organized form — and "model”. 

The word "model" means different things to different people. As 
used in this paper it will be defined as follows: 

A program containing all rulen, procedures and logic required 
to conduct a war game. 

A representation of a real situation in which only those 
properties believed to be relevant to the problem being studied are 
represented* 

Thus a "meta-model" is a later, more highly organized form of the 
original model — or, more simply, — a model of a model. 

The concept of me ta-modeling is not new. Manual quick-game tech- 
niques — a form of meta models--are commonly used. However, the applica- 
tion of meta-modeling in computerized war gaming has been limited. The 
United States Army Strategy and Tactics Analysis Group (STAG) recently 
had occasion to explore the feasibility of meta-modeling as a step in 
testing i ts large and complex computerized expected-value simulation 
model, ORION. 

The ORION Model 



To appreciate the significance of the met 8 -modeling technique in 
this instance, an understanding of some of the background and salient 
features of ORION is in order, as well as some of the problems involved. 

Background 

By 1967 computerized war gaming models had been created for sim- 
ulating many aspects of military operations dealing directly with combat 
operations. Ground combat, air combat, air defense, nuclear assessment 
and target acquisition had all been addressed in varying degrees of 



detail. Even logistical support — less fascinating and more cumbersome- 
-had received some attention. Dynamic interactions between the two, 
however, had largely been relegated to the back burner. As a result, 
measuring the impact of the aerial interdiction of lines of communica- 
tion on the ability of theater forces to carry on a war wao still a 
tedious manual assessment, heavily dependent on judgement, and not 
responsive in time. 

The Chief, STAG was long aware of this gap. In June 1967 he 
initiated a project to prepare a computerized model — ORION — to alle- 
viate this problem. 

The Administrative Problem 



ORION was basically developed by a contractor. Midwest Research 
Institute. The model was coded in the SIMSCRIPT 1.5* programming 
language and was originally intended to be used on STAG's IBM 7090 
computer system. Because of the size and scope of the model, it was 
plagued by a host of both hardware and software problems throughout its 
development, with the ultimate result that the model, if it was to 
accomplish the purpose for which intended, could not be used with 
STAG'S computer 3ystem. Core storage requirements were fat in excess 
of the system's capabilities, and a larger system was required. For 
a number of management reasons, the model was ultimately specifically 
tailored to be used with a UNIVAC 1106 cou^uter system. Thus, when 
STAG commenced testing the model, administration was one of the 
governing factors. Ay. .ability of a UNIVAC 1108, the attendant rami- 
fications of cost, turnaround time, travel, and compatibility of 
operating systems all had to be taken Into account. 



The Problems of Size and Complexity 

A second significant problem area was the oize and complexity of 
the model Itself. The ORION program contains 201 arrays and uses more 
than 300 variables, for which over 900 values must be Initially Input. 
Most of these values are expccted-value estimates of physical para- 
meters. There are 51 subroutines In the program which Interact with 
each other to simulate the dynamics of movement of supplies and aerial 
interdiction, keep records, and write out reports. 

The Logistic a l Network 

By input, the gamer describes a surface logistical network con^ 
sisting of nodes and links. There are 8 types of nodes — highway 



1. Markowitz, Hausner and Karr; "SIMSCRIPT, A Simulation Programming 
Language"; Prentice-Hall, tnglewood Cliffs, New Jersey, 1965. 
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nodes, ports, pipeline nodes, transshipment points, depots, rail 
nodes, inland waterway nodes, and airfields. Supplies originate at 
ports and move over the logistical network either directly to depots 
or to transshipment points where they are stored or transloaded for 
onward movement to depots . 

Supplies 

ORION deals with five classes of supply. Four of 
these — Ammunition, FOL, General, and Other — are used to describe 
types of materials being moved by the several modes of transport or 
stored at appropriate nodes. The fifth class has two different mean- 
ings. When used as a descriptive attribute of a convoy, it signifies 
that the co • is empty. When used as a descriptor of a node as a 
target, it i.„_ 4 .a facilities at that node — i.e. cranes, derricks, lock 
controls, pumping equipment for POL and so on. 

Supplies flow into ports and out of depots to reflect 
theater resupply and demand respectively. Amounts into ports and out 
of depots daily are constants input by the player. Neither the inflow 
of supplies into ports on inter-theater shipping nor outflow on div- 
ision convoys from the depots is modeled. Thus the ultimate destina- 
tion of ell sujplies within the model logic is the forward depot. The 
demand, or outflow, at the forward depot is the amount required to 
support all forces which that depot serves. This demand represents a 
reduction in the stock on hand at the depot. As such, it is the 
principal variable which initiates simulation of flow of supplies 
through the system. Once supplies leave the depot they are considered 
to have been consumed and are dropped from accountability. 

Modes of Transport 

Four modes of transport are modeled — highway, rail, 
inland waterway, and pipeline. In each of the first three, resources 
in the form of trucks, railroad cars and barges are allocated by the 
player to each port, transshipment point and depot. The pipeline 
mode simulates movement of bulk POL through a network of pipelines, 
pulping stations and tank-farms. 

In response to the demand for supplies at the forward 
depots, convoys are created at the nearest transshipment point or port, 
loaded with an appropriate mix of supplies, and dispatched. They move 
over the logistical network, working their way forward by the best 
available route to the requesting depot, where they unload, and then 
return to their point of origin by the same procedure. 
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Aerial Interdiction 



The logistical network, the convoys using it, and supplies 
stored or transported along it are subject to interdiction by enemy 
aircraft. Two types of aerial attacks are modeled - node attack 
sorties and link patrol sorties. 

Node attack sorties are directed against nodes themselves 
and inflict damage on the facilities at these nodes and supplies 
stored there. Throughput capacity of the node is also reduced accord- 
ing to the amount of damage inflicted. If a convoy in in process at 
a node when the node is attacked, damage is assessed against the con- 
voy vehicles and the supplies being carried, as well as against the 
node . 



Link patrol sorties overfly a series of assigned links 
searching for convoys. If a convoy is detected, the sortie attacks 
the convoy and damage to again assessed against vehicles and supplies. 

This description of ORION touches only the high points. 
Refinements and details of the many algorithms for loading, dispatch- 
ing and unloading convoys, automatic route selection, convoy detection, 
node repair, dispatch of aircraft, damage assessment and the attendant 
updating of statistical records are too numerous to describe here. 
However, the reader should have little difficulty in recognizing that 
the model is indeed comprehensive and complex. 

The Testing Problem 

The foregoing administrative and model complexity problems com- 
bined to make initial debugging and logic testing a long and frustra- 
ting effort. However, these problems were eventually overcome and the 
model successfully "cycled" on a UN1VAC 1108 computer system. 

Two different sets of data inputs, prepared independently, were 
used during these preliminary tests. On: set, made up by contractor 
personnel for their own use in debugging, contained arbitrary values 
not intended to portray any specific scenario. The second set, pre- 
pared by STAG, comprised carefully researched and coordinated data 
reflecting a real world situation. This second set — the STAG uata-- 
required approximately four man-months to prepare, again demonstrating 
the complex nature of ORION. 

After the model had successfully run to completion with both sets 
of data srd produced mathematically correct results, it was ready for 
the final crucial step — The User Test. -his is the test by the war- 
gamers--in this case experienced military officers — in which they use 
the model to solve the type problem for which it was designed and 
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make a critical evaluation of its usefulness based on results and 
their experience in using it. Their evaluation directs itself tr> 
answering three questions. 

Does the model perform the intended function? 

Are results realistic (i.e. is the output credible, valid, 
and in a usable form)? 

Is the model a worthwhile working tool to enhance STAG'S 
wargaming capability? 

Designing the User Tes t 

The practical problem confronting the User Test Team was to 
design a testing procedure which would definitively answer these 
questions without excessive investment of time, manpower and money. 

Selecting the tr Mos t-Important Variables" 

The Test Team reasoned that, since there were more than 900 input 
variables required for this model, it would be exceedingly difficult 
to test them all. By eliminating all those which served only control 
purposes — flags, place names, report headings, etcetera — which had 
already been found satisfactory during debugging and logic testing, 
they narrowed the field to 600-plus. Further reasoning that, among 
these, there were a certain number which would be obviously more 
important in the real world, they set about selecting a subset of "roost 
important" variables by a process of elimination. Ultimately a subset 
of sixty-six "most important variables" was chosen to be subjected to 
sensitivity analyses. Further, physical and real-world operational 
considerations permitted development of a credible range of values for 
them. 



The Testing Method 



Having selected the 66 "most importent" variables and a range of 
possible values for each, the team decided to make a series of full- 
scale production runs of the model, using different values for "the 
66" in each, to create a data universe which would be amenable to some 
type of matrix analysis. In two of the production runs the input 
values would be deliberately biased in a manner calculated to portray, 
respectively, the maximum and minimum possible effectiveness of the 
logistical system. Outputs of these two runs would establish a range 
of values within which all other run results should be valid. 

Because ORION is an expected-value model, it was anticipated that 
a small number of production runs would suffice. Time and cost 
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considerations also imposed a practical constraint, and the team 
settled on ten runs in addition to the maximum and minimum runs 
described above, as a population sample to generate the desired data 
universe. In each of these ten intermediate runs, values of the 66 
most important variables would be changed in pseudo-random manner to 
eliminate bias on the part of the analysts. Each of the twelve pro- 
duction runs would be a 13 game-day simulation using the real-world 
scenario prepared by STAG for the earlier debug and logic testing. 

The first three days would be used to "load" the logistical network 
and the remaining ten would simulate continuing network operations 
subjected to aerial interdiction. 

Upon completion of these twelve production runs, the data uni- 
verse would be subjected to sensitivity analysis. 

The Stepwise Multiple Regression Routin e 

The mathematical model chosen for the sensitivity tests was a 
least-squares Stepwise Multiple Regressioi routine (SHARE Computerized 
Program ERMPR3).2 This routine was immediately available and readily 
adaptable for use with STAGES IBM 7090 computer system. 

This program determines, for a single ‘’dependent" variable, Y, 
the relative Importance of as many "independent 11 contributory vari- 
ables, X, as the analyst may choose to consider (up to 130). 

An equation of the form 

a(l) x( 1) + a (2)x(2) + a(3)x(3) = Y 

is derived from the Stepwise Multiple Regression program. When the 
coefficient for each independent variable is multiplied by the value 
of that variable, and these products are summed, the result is an 
estimate of Y. 

Given a set of candidate independent variables x(l), x(2), x(3)... 
x(n), the program determines the most important Independent variable 
first, then selects the remaining independent variables, in descending 
order of importance, until those which contribute to explaining most 
of the change in the dependent variable have been found. 

The ERMPR3 routine also calculates the coefficient and multiple 
correlation coefficient for each of the independent variables it has 
determined to be the most significant, For example, if it has 



2. ERMPR3 , Share Program Catalog, SDA Number 3145, "Stepwise Multiple 
Regression with Variable Transf orraation 11 , 6-10-64. 




6 

16 



identified three independent variables, [x(l) , x(2) , and x(3)], as 
significant, the output might appear as follows: 



Variable 


Coefficient 


Multiple Correlation Coefficient 


X(1) 


0.5 


0.78973 


X(2) 


0.8 


0.93599 


X(3) 


0.3 


0.99991 



The multiple correlation coefficient (MCC) is a measure of the 
percentage of the change iu the value of the dependent variable that 
can be explained by the significant independent variables to that 
point. The final MCC is a measure of how well the final value of 
the dependent variable can be estimated. 

The Meta-Model 



When the dependent variable, Y, represents a significant 
output of a detailed computerized war game model and the set uf candi- 
date independent variables, X(i) , represent inputs to the detailed 
model, the resulting equation is a meta-model. 

The equation used above to illustrate the meta-model — which 
was the same one used in the ORION sensitivity tests to be described 
later--was linear in the input variables. However, this cannot be 
assumed true in general. If a meta-model linear in the input vari- 
ables would not provide a good fit, transformations of input variables 
could be generated and used as independent variables in developing a 
more complex roe ta-raodel . If a more complex meta-model should be 
required, the nature of the situation being siraulat d by the detailed 
model could suggest appropriate transformations. In general, if x is 
the vector of input variables obtained from the detai?.ed model, any 
equation of the form 

N 

V » a(0) + 2 a(i) f t 00 
i-=l 

can be tried, providing that f. (x) is defined over the assumed range 
of x. 



Conducting the Sensitivity Tests 

Having created a data universe with the twelve full scale produc- 
tion runs of ORION on a UNIVAC 1108 computer, the te9t team utilized 
selected data from this universe to conduct a series of sensitivity 
test9 with the Stepwise Multiple Regression routine. 
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Procedure 



The first step was to select a single dependent variable 
from ORION which would constitute a meaningful measurement criterion 
in real-world terms. In most of the sensitivity tests, for example, 
the dependent variable chosen was "total tonnage of supplies received 
at depots". This figure was readily available in ORION output for 
each game day in each of the 12 production runs, and was considered to 
be the most ’ealistic real-world criterion. 

The 12 sets, each consisting of one value for the dependent 
variable and one for each of the 66 independent variables were then 
processed by the Stepwise Multiple Regression routine. Initially a 
meta-model, linear in the input variables, was assumed. Ihis model 
resulted in a very high multiple correlation coefficient in a small 
number of variables. This provided a suitable fit and a more complex 
met a -mod el was unnecessary. 

Results 



The User Test Team made seven sensitivity test runs with 
this procedure. Preparation of inputs required about 2 1/2 man hours, 
including time to punch the data cards. In each case, the Stepwise 
Multiple Regression routine found that only a very few of the sixty- 
six variables believed most important were truly critical in deter- 
mining output from the major ORION program. In one of the tests only 
five critical variables were found, and in no case were there more 
than eight. The multiple correlation coefficient in each case 
exceeded .99. 



These sensitivity tests had two valuable results. One was 
that they quickly pointed out which variables did and did not influ- 
ence the outcome of the ORION simulation. This was a material aid to 
the Test Team in their assessing the validity of the model. It per- 
mitted a comparison of those factors which most affected tonnage 
throughput in ORION with those known to affect tonnage throughput in 
the real world. The second valuable result was the creation of the 
meta-model, which can be used to estimate the impact of changes in 
the most significant variables, without having to re-run the entire 
major model. 

It must be stressed that the critical variables selected by 
the Stepwise Multiple Regression process are valid only for the logis- 
tical netvc k and interdiction systems described in the production 
runs of the ORION program used. A different list of cortical vari- 
ables may result from significant scenario changes. The important 
point is that, based on their analysis, the list can be expected to 
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be small — which implies that ORION treats these few in an exacting 
manner and is relatively insensitive to the rest. Hence the 
emphasis in initial data preparation should be on these few critical 
variables , 



Summary 



The concept of me ta -mode ling — making a model of a model-- 
is not new but its application in computerized war gaming has been 
limited. STAG explored the feasibility of meta-modeling in testing 
a carefully selected segment of its large and complex model, ORION, 
which simulates the operation of a theater ground logistical network 
and the aerial interdiction of that network. 

Using a data universe created by twelve runs of the full- 
scale model on a UNIVAC 1108 computer, the test group then made a 
series of sensitivity tests of the sixty-six most important variables 
in a set of over 600. The purpose of the sensitivity tests was to 
determine which of these variables most influence the outcome of the 
simulation. 

Sensitivity testing of the selected variables was made by 
processing them through the SHARE Stepwise Multiple Regression Program 
ERMPR3. It was found that 99-plus percent of the variation in the 
most significant output variables in ORION could be determined from a 
very small number (3 to 8) of the input variables . 

These sensitivity tests had two valuable results. First 
they established which variables did and did not significantly influ- 
ence the outcome of the simulation. This result was a valuable aid to 
the military analysts in assessing validity of the model because it 
permitted them to compare what uost affects tonnage throughput in 
ORION with what most affects it in the real-world. 

The other valuable result was the development of a meta- 
model, in the form of a simple equation, which could be used to esti- 
mate the impact of a change in value of any of the critical variables 
on the final outcome of the simulation, without having to again run 
the full scale model. 

Potentia l Applications 

Other potential applications of the sensitivity test proce- 
dure at.d the meta-model developed from it are readily apparent. 

A whole range of dependent variables could be examined to 
find which independent variables are critical, and to Jevelop an 
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equation--or me ta-model--vj.th which to test a change in values of the 
latter. Conversely, the analyst can infer that an independent vari- 
able that is never selected as being critical has no appreciable 
effect on the final outcome. 

For those variables which the test has indicated are criti- 
cal, experimental values can be substituted in the meta-model and the 
effect readily gauged by the resulting change in the dependent vari- 
able. In the case of ORION, for example, the approximate effect of 
changing the capacity of truck convoys from 200 tons to 210 tors, or 
increasing the weapon standard error in the x-dimenslon for the CBU 
cluster flora 25 meters to 40 meters, could be determined in a minute 
or two by the analyst with a desk calculator. 

Just as this procedure was found useful with ORION it could 
be equally useful with any complex model. An expected-value model 
is particularly suited, since the number of repetitions required can 
be expected to be significantly fewer than in a Monte Carlo simula- 
tion. 



The practical implications of a family of me ta-models cor- 
responding to a collection of detailed models would perhaps best be 
observed in terms of the time required to solve a real-world war 
gaming problem. Typical war gaming requirements can usually be solved 
only by using several detailed models in series, with feedback as 
required. Past experience at STAG has shown that several trial runs 
("false starts") are usually required before the approximate proper 
mix of operational elements can be obtained. These false starts may 
require hundreds of man-months for detailed models. However, with a 
family of meta-models, an approximate operational environment could be 
obtained very quickly, thus either allowing more time for detailed 
gaming, or reducing the overall time required for a given game. 

Conclusion 



The time saved and the range of examinations possible by meta- 
modeling can only improve the validity of information made available 
to the decision-maker and expedite its preparation. Obviously, the 
result must be a more valid decision. 

After all, better and quicker decision-making is the name of the 
game. That is what war gaming is all about. 
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GENERALITY IN A MAN-COMPUTER GAMING MODEL 



Richard F. Barton 
Director of Planning and Analyses 
Texas Tech University 
Lubbock, Texas 



Int Loductio n 

This paper first describes features of a "generalized” man- 
computer management game developed intermittently over an eight-year 
period and then reports a case history of adapting this game model, 
which was designed for ideal generality, to an application that 
challenged that very generality. The game was named THE IKAGINIT 
MANAGEMENT GAME 1 because the coined word Imaf ^ nit (Imagine it!) 
suggests the degtee of generality the model was intended to accommo- 
date. Strategies ir. game model design and in computer programming to 
achieve this generality were developed, including a method for using 
a generalized responsiveness subroutine. ^ 

Generality aspirations of gamesters a ^ht be summarized as 
follows: If a game designer were successful in creating for his pur- 

poses a once-and-for-all model so general that only players and per- 
haps some data need be changed from application to application, he 
would save himself, his colleagues, and his subsequent game users a 
great amount of model tinkering and computer programming. Also, 
players rom application to application would not endure the frustra- 
tion of participating in quasi-pilot runs. 



History of THE IMAGINE MANAGEMEN T GAME 

It ia probably a fair but unfounded guess that nany management 
game writers were once dissatisfied game uBers who wrote their own 
games. That is how THE IMAGINIT MANAGEMENT GAME was born. During 



1 De8cribed in: Robert G. Graham, and Clifford F. Gray; Business 

Games Handbook ; New York: American Management Association; 1969: 

211-213. 

^Richard F. Barton; "A Generalized Responsiveness (Elasticity) 
Function 'or Simulat ions”; Behavioral Science, Vol. 12 (July, 1967): 
337-343. 



a course in business policy at the University of Nebraska, the game 
the author was using suffered an involuntary industry depression due 
to a program error. The computer at Nebraska was then a vacuum-tube 
Burroughs Datatron 205, and the only available management game was an 
ALGOL translation of UCLA Game #2, which had been designed for four 
firms. The ALCOL programmer had wanted to extend the capacity and 
interaction of UCLA #2 to more than four teams, which he did handily 
except for providing increased total sales volume for the added firms. 
This writer launched a play of this game for nine teams. The result 
was that each company quickly dropped to four-ninths of its starting 
sales volume with consequent damage to player motivatior. 

This experience was a strong influence on this game administrator 
to write his own game, which he did. The first version was written 
in ALGOL. (Compile time for four segments was then more than four 
hours compared tc present-day three to four minutes.) This was a try- 
ing but rewarding experience. Amazingly, on the first "object time" 
run out of the compiler, the balance sheet actually balanced. In 
contrast to this success, in the first semester run with live players, 
the stock market quotation went negative. 

The ALGOL computer coding of the first IMAGINIT model was done in 
two-dimensional arrays and was a horror to debug to obtain corrected 
reports when flukes appeared during live runs. Fortunately, playing 
the game over an entire semester allowed adaptive debugging time. 

(This was hn.ds-on time during the midnight hours. Remember, compile 
time was four hours.) 

From the outset, the IMAGINIT vehicle was designed to accomodate 
any manufacturing industry. It was called IMAGINIT to mean imagine 
any industry and then play it as a game. (One wry professor read 
IMAGINIT to mean, "I'm agin* it.") Within its first two years, 
IMAGINIT had simulated the typewriter industry, the automobile indus- 
try, a combined dentifrice and hairdressing indrstry, and grades had 
been incorporated into computer consequences. The grades were for 
periodic written reports that amplified player policy positions. 

« 

In the meantime, the Burroughs computer gave way to an IBM 
machine, ALGOL to FORTRAN, and the game writer almost to despair — 
but compile timss were coming down. A little more than two years 
after its birth, at the University of Kansas, the IMAGINIT computer 
program was completely revised. One whole semester was devoted to 
inventing names for FORTRAN varia* '.es that would make sense to almost 
any reader. Figure 1 shows the present company report form with the 
FORTRAN names shown instead of output quantities. The underlined 
names are also input decision variables. Figure 2 shows a portion of 
the present FOPTRAN coding where the chosen names make sense in terras 
cf the simulation design. Figure 3 shows example control parameter 
descriptions with FORTRAN names designed to make sense Co 
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THE I MAGIN 1 T MANAGEMENT GAME 


YEAR 


A QUARTER 2 


MONTH 0 


THE IMAGINIT TIRE INDUSTRY 


PASSENGER 


AIRCRAFT 




COMPANY REPORT FOR FIRM I 


A- 1 


A-2 


B- 1 


TOTALS 


INCOME STATEMENT 





-~-t 





— 


SHIPMENTS IN UMTS CF PRODUCT 


SHIP (1) 


SHIP ( 2 ) 


SH I P { 3) 




NET SALES REVENUE 


REV ( 1 ) 


REV ( 2 ) 


REV (3) 


TREV 


COST OF GCCOS SCLO 










DIRECT LABOR It) 


DLAER(l) 


DLABR (2) 


DLABR (3) 


TLABR 


DIRECT MATERIALS 


DMATS ( 1> 


DMATS (2) 


DMATS (3) 


TMATS ~ 


STORAGE. 








STORG 


FACTORY DEPRECIATION 








FDEPR 


_ OTHER FACTORY OVERHEAO 








FACOH 


COST TO MANUFACTURE 








CTM 


CHANGE lAL.FXNX^eP. CCCOS CN HAND '.> 


CHGE(l) 


CHGL(2) 


CHGE C 3 J 


TCHGE 


COST CF GOODS SCLO 








CGS " 


Gross profit cn sai es 








GPS 


SALESMEN IS) 


SMEN (I . 1) 


SMEN ( I i 2 ) 


SMEN (1,3) 


TSKEN 


ADVERTISING 


ADV(I ,1) 


ADV (1,2) 


ADV (1,3) 


TADV 


RESEARCH ANO OEVE4 OPMENT 


RAD (1,1) 


raoTT;2) 


RADCI.3) 


TRAD 


EMPLOYEE FRINGE BENEFITS 








TFB 


OPERATIONS RESEARCH 








OPSCH ( I) 


AOMIN ISTRA : IVE OVERHEAO 








ADMOH 


INTEREST 








TINT 


PROFIT BEFORE INCOME TAX 








PkTTB,_ 


INCOME TAX 








TTaV 


NET EARNINGS 








PRFTA_ 


DIVIDENDS PER SHARE DIV 


TOTAL PAYOUT 




TDIVS 




SHARES SCLO pFFR 


PROCEEDS 




PRCDS 




change in stockholders equity 








eqchg 



CASH 

ACCOUNTS RECE IV A6L 
MATERIALS 
FINISHED CCCOS 
NET FIXED ASSETS 
TOT Al ASSETS 
MP.W3SLSMIUS.-. 



BALANCE SHEET 



CASH (I) 

E ACREC(i) 

TRAWM(IJ 

TEGIV(I) 
PLANT (I) 
ASSTS { I ) 

CKMON (I) 

MARKET QUOTE 



ACCOUNTS PAYABLE ACPAV(I) 

SHORT- TERR LOANS SLOAN (I) 

BONDS _ BONDS (I ) 

PAID-IN CAPITAL CAP(l) 

RETAINED EARNINGS RE(1) 

TOTAL EQUl TIES TE 

jJCOK VALUE BQOKU) 

QUOTE (I) 



currea; pcucv ano environment 

AVERAGE INCUSTRY PRICES THIS PERIOD 
CURRENT TOTAL MARKET CEMAND (UNITS) 



Ik) 



VE 



SHARE CF MARKET THIS PER1GO 
POTENT I Al SKIP*. ENTS NEXT PERICO 
PRICES 

MAT ER I Al S INPUTS PER ON I f 
MATERIALS C* HAND Ik) 

^ T E R ( AIS CN CRCER IS) 

MONTHS UNTIL MATERIALS AP 
PRODUCTION LEVELS IUMT$> 

NUMBER CF FINISHED UNITS ON HAND 
DISTRIBUTION CHANNEL INVENTORIES 
PURCHASE CP SALE CF FACTORY CAPACITY 
. LOANS MHE CR RE P A 1C 

QUARTERS DlVlCENOS ICO LOY 
MRK LAECR RATE 
FRINGE BENEFITS PER HOUR 



CURRENT NUMBER CF L A BCR $H I FTSSHFTS 



Hi 




-ML 

SKIP ( I ) 
WAGE (I) 
BNFT 



8 

.. . A VP B . _ 

CVOLS 

. B-l— 

SHARE (1,1) SHARE (1 ,2) SHARE (I, 3) 

GOLD (I / 1) SOLD ( I ; 2 ) SOLD(l,3) , 

PRICE (1,1) PRICE (I ,2) PRICE (1 , 3) 

FARTS (Li il PARftS (I * 2_LP ARTS (1 1 3) 

R\WM ( I f 1 ) RAWH ( I f 2 1 RAWM{I,3) TRAWM(I) 
ORDRDd , 1) ORDRD (1,2} ORDRD ( 1 .3) 

ARRI V ( lX) ARRIV ( I , 2 ) ARRIV ( I , 3 ) 
PPODW(I,1)PRODN jl > 2)PRODN(I,3) 

STOCK (1,1) STOCK (1,2) STOCK ( I , 3) 
TRADE(I,1)TRAPE(I,2)TRAC£U,3) 

LAEJD 

BONDS ISSUED OR REDEEMED _ TLTE 

TOTAL DIVIDENDS TO DATE CUMDV(I) 

ACTUAL LABOR HOURS THRS 

PROBABILITY OF * STRIKE CHANC(I) 

PERSONS AVAILABLE PER SHIFT SSI ZE 



Figure 1. THE IKAGINIT MANAGEMENT GAME Generalized Output Format and 
FORTRAN Variable Names (de sion variables underlined) 



***UPDATE HISTORIES*** 



DO 890 J-1,3 
PRICL(I,J)-PRICE(I,J) 

IF(SHARE(I, J) .LE.ZERO) PRICL(I,J) * ZERO 
PRTSL U , J WARTS ( I , J) 

CUMRD(I, J) » CUMRD(I,J) + RAD(I,J) 

ADVL(I , J)“ADV(I,J) 

890 SMENL ( I , J) “SMEN ( I , J) 

CUMOR(l)=CUMOR(l)+OPSCH(I) 

SOLD (1,1)- SHARE (1,1) *C VOLA 
S0LD(I,2)-SHARE(I,2)*CV0LA 



Fig ‘.re 2. Illustrative IKAGINIT Computer 
Coding (FORTRAN IV) 



(Card No. 11 J 

Materials lead time 

Number of months required 
after an order is placed before 
materials can be used for pro- 
duction. Only one outstanding 
order may exist at a time. 



Order preparation cost 

The cost added to factory 
overhead for each new order of 

raw materials for an individual 

product. SETUP 

Materials storage cost 

Cost per year to store 

$1000 of raw materials. HLDRM 

Finished goods storage cost 

Storage cost per unit per 

year for finished goods. HLDFG 

Figure 3. Procurement and Storage Parameters 
Used by the IMAOINIT Model (from 
the Administrator 1 s Manual) 



Product A-l: 

WAIT(l) 

Product A-2: 

WAIT(2) 

Product B-l: 

WAIT(3) 
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Table 1 

Comparison of Selected Items from Four 
Versions of THE IMAGINIT MANAGEMENT GAME 







Industry 




Feature, Parameter, 
or Starting Position 


Home 

Laundry 


Tire 


Home 

Climate 


Early 

Television 


Market A product 


Washers 


Autos 


Air Cond’s 


B&W 


Market B product 


Dryers 


Aircraft 


Furnaces 


Color 


For the Market A product only 




Shipments per firm 


100,000 


3,000,000 


90,000 


50,000 

$75 


Price per unit 


$200 


$10.20 


$400 


Materials per unit 


$85 


$4 


$200 


$25 


Standard labor per unit 


10 


0.25 


25 


8.1, 


Salesmen $ per year 


$500,000 


$400,000 


$600,000 


$200,000 


Advertising per year 


$800,000 


$250,000 


$300,000 


$100,000 


Materials lead time (months) 


0.5 


1.5 


2 


2 


Distribution channel capacity 
(months of inventory) 


2 


3 


2 


2 


— For 


the entire firm — 






Hourly labor rate 


$3.50 


$4.30 


$3.50 


$2.00 


Fringe benefits per hour 


$0.35 


$0.24 


$0.40 


$0.10 


Materials storage ($/year/ 
$1000) 


$20 


$50 


$160 


$200 


Finished unit storage cost 
per year 


$10 


$1 


$3 


$10 


Materials ordering cost 


$20,000 


$2,500 


$1,000 


$25,000 


Factory capacity cost per 
man-year 


$12,000 


$100,000 


$20,000 


$4,000 


Capital expansion limit 


255! 


15% 


20% 


20X 


Annual depreciation 


10% 


10% 


10X 


7X 


Loss on factory sale 


60 % 


20% 


SOX 


75X 


Fixed annual factory overhead 


$100,000 


$500,000 


$240,000 


$650,000 


Fixed annual administrative 
overhead 


$100,000 


$350,000 


$350,000 


$125,000 


Overtime rate 


150% 


200% 


150X 


150% 


Months strike last 


2 


1.5 


2 


1 


Short-term interest 


12% 


12% 


10% 


15% 


Bond Interest 


9% 


8% 


6X 


6% 


Maximum annual factory 
expansion 


20% 


12% 


20X 


35% 


Debt % of equity constraint 
on bond issues 


30% 


100% 


30X 


75% 


Bond redemption privilege 
(annual) 


5% 


5% 


5X 


10% 


Income tax 


48% 


48% 


48X 


48% 


Quarterly dividend target 


$0.25 


$0.50 


$0.23 


$0.15 



administrators who do not know FORTRAN. Table 1 conti'.*' ons 

of four versions of THE IMAGINIT MANAGEMENT GAME and ir ^ c j how 
parameters and starting values can change to represent dii: 'ent 
industries . 



Now, after almost eight years of development, the IMAGINIT model 
is highly fine-tuned. Flukes appear only about once a year. Counter 
measures against beat-the-model strategies by players are built in. 

A fourth set of manuals, this time for commercial publication, is 
being written. THE IMAGINIT MANAGEMENT GAME now runs without the 
writer’s personal supervision. After its birth on the Burroughs 205, 
it has run on a GE 625 and on IBM r s 1620, 1410, 7040, and its 360‘s 
30, 40, 50, and 75. The computer program now resides online on a 
disk on the IBM 360/50 at Texas Tech. A tine-sharing implementation 
has not yet been attempted. Versions to simulate the following indus- 
tries are being used or are under development: 



Breakfast cereals 
Home climate 
Automobiles 

Encyclopedias and textbooks 
Paper products 
Television 



Tires 

Home appliances 
Washing products 
Direct selling cosmetics 
Typewriters 

Oil industry (discussed in this 
paper) 



Dimensions of Generalit y 

IMAGINIT started out of a game administrator’s desire to 
"customize" a game to his liking. To do this, he learned to be a 
computer programmer. Because of this experience, the background 
theme over the years for the evolution of IMAGINIT as a management 
gaming vehicle has been to create not a management gamj, but a man- 
agement game "generator" that does not require a user to become a 
computer expert. The goal has been to achieve a gaming tool that a 
user can handily adapt to any variation of: 

1. Manufacturing Industry to be simulated 

2, Starting positions of firms 

3. Number of players 

4, Backgrounds of players 

5. Number of teams 

6, Time available for play 
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7. Size of simulated periods: months, quarters, years 

8. Total simulated time to be represented 

9. Outside-the-model additions and nuances 



Strategies to Achieve Generality 

To achieve the generality aspirations listed above, the follow- 
ing strategies, which are now features of the IMAGINIT gaming vehicle, 
were developed: 

1. Use a widely implemented computer language (FORTRAN). 

2. Invent variable and parameter names with lasting meanings, 

3. Generalize the output format, yet make each application 
appear unique by "parameterizing” part of textual computer 
output to identify industry and products simulated, 

4. Parameterize "everything" and treat all parameters as 
input data rather than computer program constants, 

3. Generalize a subroutine to simulate behavioral responses, 
sensitivities, and elasticities. 

6* Print all input and selected trace data during a run and 
print decision values on players 1 reports. 

7* Permit unlimited parallel runs during sessions and unlimited 
model passes at one computer turnaround. 

8. Provide for shifts in length of period simulated from any 
size to any other size (years, quarters, or months). 

9. Reference all parameters and computing of interactions to a 
single simulated period size (a year) and provide for 
automatic setting of results to current simulated period 
size (year, quarter, or month). 

10. Provide for equal or unequal starts among firms and for 
starts from any product combination. 

11. Permit computer model complexity to expand or contract 
by being able to turn features on or off. 
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12. Provide for human judgments (e.g., grades) to be input data 
for the computer model in a way that allows added player 
participation, player-generated verisimilitude, and non- 
quantitative nuances of human behavior to affect output 
consequences . 



A Chal l enge to IMAGINIT t s Generality 

Recently, THE IMAGINIT MANAGEMENT GAME was asked to serve a 
management development program for an integrated oil company. If 
the generality aspirations already discussed were a reality, all 
that would be necessary would be to establish industry parameters, 
starting positions for individual firms, and name the industry and 
its products on the one "parameterized” line of text on the computer 
output pages. This version could then be set to simulate some com- 
bination of months, quarters, or years and scheduled to accommodate 
the real time available for play in the management development pro- 
gram. It soon appeared that verisimilitude could not be maintained 
without specificity that destroyed some of IMAGINIT's generality 
features . 

The basic problem was the dissimilarity of the IMAGINIT concept 
of the manufacturing process from the real process of the oil indus- 
try. The basic unit on which the IMAGINIT model had been conceived 
was a unit of product manufactured by putting things together. The 
oil industry takes something apart. In the take-it-apar t oil indus- 
try, the basic manufacturing unit is the incoming barrel of crude oil, 
not the outgoing end products such as gasolines and fuel oils. 

Of course, IMAGINIT had never been designed to simulate building 
or service industries, and it was now clear it was also not designed 
for take-it-apart industries. This challenge to generality was a 
reduction in the scope of industries for which IMAGINIT would serve 
ns a management game generator. But this reduction in generality 
developed out of how industries are characterized, not out of aspects 
of the art of game and simulation model design, Ihe generality 
features discussed above do not consider the scope of the model. 
Therefore, of interest to professional game designers and users is 
how the generality features held up or were useful when a basic con- 
cept of the game model had to be changed. 

To assess the success or failure of the generality features, let 
us review them in light of the application of THE IMAGINIT MANAGEMENT 
GAME to the oil industry. First, let it be reported that an IMAGINIT 
OIL INDUSTRY GAME, distinctly different from the "general” IMAGINIT 
game, is now successfully running. Figure 4 shows an output page 
from the oil industry game. Compare this with Figure 1 to see what 
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THE IMAGINIT OIL 


INDUSTRY 


YEAR 7 


QUARTER 


2 TEAM 1 


A HAN-COMPUTER SIMULAT 


60 OIL COMPANY 


GASOLINE 






MIO 0 I STS 


REGULAR 


PREMIUM 


FUEL - O.I.L TOTALS 


INCOME STATE 


MEN! 








— 


SALES IN BARRELS 


2628002. 


1661915. 


500581. 


2961197. 7751694. 


REVENUE 


13053266. 


10303589. 3459461. 


4853725. 31670046. 


T8 A € M REVENUE 


1060695. 


TOTAL 


REVENUE 32730736. 


COST OF SALES 










REFINED PRODUCTS PURCHA 


SEO ($) 


0. 


0. 


Q«l o. 


COST OF CRUDE 








15873684. 


refinery labor < i) 








978927. 


AOOEL COST FEATURE 




263500. 


78680. 


92750. 434930. 


REFINERY MAINT C OEPR 








1679455. 


OTHER REFINERY COSTS 








1072188. 


. COST. Gf-TflA, € M SALES 








. . _ 537348. 


TOTAL COST OF PRODUCTS 


AND TdA EM 






20576528. 


CHANGE IN FlNlSHEO PROO 


BALANCES (S) 


-8207 l • - 


1 j>l 4 36 . 


633286. 419779. 


COST fJF SALES 








20996304. 


GROSS PROFIT ON 


SALES 






11734432. 


SALES EFFORT IS) 




2000000. 


400000. 


500000. 2900000. 


ADVERTISING . _ 




850000. 


200000 • 


100000. 1J50CO0. 


RESEARCH PROGRAM 




400000. 


200000. 


300000. 900000. 


cost of inventory exces 


SES 


314280. 


0. 


691721. 1022839. 


MARKETING OPERATIONS 




63153. 


19022. 


56263. 138438. 


MARKETING PLANT MAINT C 


OEPR 






2423398. 


COST REDUCTION PROGRAM 








120000. 


_£MPCOY£E BENEFITS 








700000. 


GENERAL ADMINISTRATIVE 


OVERHEAD 






5145004. 


INTEREST 








3573058. 


TOTAL OTSIRIHUT 


1 ON AND GENERAL EXPENSES 




18072720. 


PROFIT BEFORE INCOME TAX 






-6)38286. 


INCOME TAX 








“3042317. 


NET EARNINGS 








-3295911. 


OIV ICENOS T l 1 PARENT 


0. 


NEW C A P l TAL 


13000000. 


CHANGE IN PARENTS EQUITY 






9704089. 




BAIANCE SHEET 






CASH 


8 168U64. 


ACCOUNTS PAYABLE 12» 5268. 


.ACCOUNTS RECEIVABLE 


2 02 72 64 B . 


SHORT 


-TERM LOANS 27010. 


T8A C M INV IS) 


673527. 


TOTAL 


new capital isbscoooo. 


BALANCES (Si 


23506656. 


org Inal capi 


TAL 100000000. 


REFINING PLAN. 


82293328. 


RETAl 


NEO EARNINGS “9410441. 


MARKETING PLANT 


1 26746544 • 


PARENTS ECU! 


TY 247089552. 


TOTAL ASSETS 


261681760. 


LIABI 


LIT 1 ES 


♦ EQUITY 261681840. 





PROFI TA0ILI TY FACTOR 99.6 


4 


- • — 


CURRENT POLICY AND 


ENVIRONMENT 


-GASOLI 


NES- 


-FUEL 0 IL“ 


AVERAGE INDUSTRY PRICES 


THIS PERIOD 


0.159 


l. 79 


CURRENT TOTAL MARKET 06 


MANO tBBLS) 


855B988. 


11213984. 



-REGULAR- 

SHARE OF MARKET THIS PERICO 0 "A 

POTENT I AL SHIPMENTS NEXT PERlCO ipBLS) 1699306, 
PRESENT COMPANY PRICES 0.150 

ADDED COST FEATURE I S PER BBLl 0.155 

PLANNED PRODUCTS I 68LS) 2628QC2. 1700000. 

PRODUCTS MANL’F ACT UF,E 0 IBBLS) 2628CC2. 1699999. 

FlNlSHEO PRODUCTS BALANCES IB8LS1 . . 3369002. 

REFINING PLANT CHANGE - 1679455. 

CRUDE RUN 19)6842. 

LO*NS HADE OR REPAID C. 

QTrS OIVICFNDS TOO 10W 2. 



-PREW1UM- 

0.058 0.264 

511844. 3050032. 

0.16T 1.65 

0.140 0.035 

562000. 2650000. 

562000. 2650000. 

213526. 6764244. 

MARKETING PLANT CHANGE 
CRUDE BALANCES IBBLS1 
PROBABILITY of STRIKE 
TOTAL OIVS TO DATE 



5261181. 



T 54 0002 . 
7540000. 
10346871. 
55 T 6602 • 
1012045. 
0.04 
37350000. 
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Figure 4, THE IMAGINIT OIL INDUSTRY GAME Output Format 

) 



30 



happened to the generalized output format. l!ow the other generality 
dimensions and features survived is reported in the following sections. 



Dimensions of Generality (Survival) 



Of the nine dimensions of generality listed earlier, all of them 
survived except the first one, which was to simulate any variation 
of manufacturing industry. The oil industry model omitted the pos- 
sibility of simulating months, but this was a convenience. Of the 
remaining dimensions of generality, the completed oil industry game 
can: vary starting positions of firms; combine players, teams, and 

backgrounds to order; structr v c real and simulated time to fit any 
program; and include unlimited out lide-the-model additions and nuances 
by means of grades on reports, displays, and player presentations 
that become computer input. 



Computer Implementation 

The choice of FORTRAN as the computer language with wide imple- 
mentation served well by enabling (1) model changes to be developed 
easily from the existing computer program and (?) shifts to less 
sophisticated levels of the computer lerguage to implement the new 
program on small computers for world-wide use. Unfortunately, the 
ease of model adaptation was accomplished with a loss of meaningful 
names for variables and parameters. The new computer program was 
developed by using the original FORTRAN names but with changed mean- 
ings. To change the names to fit the new meanings would have incurred 
more debugging time than was available. To create the new model out 
of old names with new meanings would not have been possible without 
the parameterization-of-every thing feature. Thus, the new computer 
program was constructed from the old program merely by changing 
internal FORTRAN statements and by altering the printing format. 
Unfortunately, a lexicon is now required to read the FORTRAN program 
itself, The clarity of reading of the original program was lost. 



Importance of the Generalized Keeponslvenes . i Subroutine 

This feature, combined with the printing of all input and the 
tracing of selected model data, proved its generality by being the 
means used to maintain an imbalance between competitive products, yet 
permitting reality-like responses to decision changes for each of 
these products. The specific problem the generalized responsiveness 
feature solved was simulation of the relatively low proportion of 
the total gasoline market held by premium gasolines in interactive 
competition with regular gasolines. This proportion ras adjusted 
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by trial and error setting of two responsiveness parameters from 
clues provided by the trace data. 

En addition, the responsiveness subroutine permitted both over- 
all and item-by-item adjustments in sensitivity so that the oil 
industry model did not react as severely to players * decisions as 
versions used in college classrooms, where for teaching purposes 
increased model sensitivity is sometimes traded off against respon- 
siveness validity. This ability to fine tune the model sensitivities 
was invaluable during and between game runs for adapting runs to 
players 1 backgrounds. 



Generality Features That Survived 

Most other generality features survived. Parameterization 
permitted starting position changes after the first pilot run without 
reprogramming. Multiple model passes at one computer turnaround 
permitted correction of keypunch errors without holding up the play. 
Referencing all parameters and interaction computing to the single 
simulated period size (one year) and the ability to change simulated 
period size in the middle of a run emphasized concepts to be learned 
(especially cash flow and the importance of strikes). 

The flexibility of starting positions built into the original 
IMAGINIT model enabled Starting the oil industry with a full line of 
products rather than the usual starting position of one product to 
which management teams may add others. (In the take-i t-apar t 
petroleum manufacturing process, the full line of products comeb out 
at once. Teams cannot sequentially add to their product lines as 
they can in the put-it-together manufacturing process of the original 
IMAGINIT model,) 

While not yet used, the capacity to provide unequal starts 
among firms, to run unlimited parallel runs during a session, and 
to expand or contract model complexity by turning features off and 
on all remain. 

The ability to incorporate human judgments in the form of grades 
as input data for the model was changed only enough ao that the 
grades related t* specific ispects of oil industry manufacturing and 
marketing to be emphasized in the management development program. 

This feature continued to serve its original purpose of preventing 
the play from becoming merely a numbers game with the computer. 
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Summary 



The generality aspirations for THE IMAGINIT MANAGEMENT GAME wore 
to make it a management game generator applicable to any manufacturing 
process. As a gaming vehicle, the original IMAGINIT implementation 
when applied to the oil industry did not wholly live up to these 
aspirations due to differences between manufacturing processes. How- 
ever, a large number of the generality features not only survived but 
made possible the adaptation to the oil industry. The final result is 
that the original IMAGINIT vehicle is still a management game genera- 
tor, but only for put- it-together manufacturing industries, and the 
new IKAGINIT OIL INDUSTRY GAME is a management game generator for the 
take-it-apart petroleum products manufacturing industry. 
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TEACHING ECONOMICS WITH COMPETITIVE GAMES 

Martin Shubik 
Yale University 

ABSTRACT 

The talk will discuss experiences with a business game 
designed to reflect basic economic theory of competition 
among few firms* The game is accompanied with a text 
discussing the theory. The game is used in conjunction 
with regular teaching. Hence its purpose is to serve as 
an aid and clarification of the subject matter. The 
experience of playing provides the students with a dynamic 
instance or a "case experience" of material that other- 
wise is generally presented in an abstract and highly 
static mode. 
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A FINANCIAL PLANNING 1 i 
FOR A COIIMERCIAL BANK 




Robert P. Beals 

Assistant Professor of Industrial Engineering 
Texas A&M University 

Wilbur L. Meier 

Associate Professor of Industrial Engineering 
Texas A&M University 

A. W. Wortham 

Professor and Head, Industrial Engineering 
Texas A&M University 



Intro du ct ion 

Today the traditional methods of planning are being strained to 
the ultimate limit as a result of accelerating technological change, 
rising production and administrative costs, increased governmental 
control, and mounting competitive pressures. Even under normal con- 
ditions planning decisions, as opposed to control decisions, are far 
more difficult, involve many more factors, and their outcome usually 
has a more critical effect on the firm. Planning decisions almost 
always inv’lve commit., ;en t of capital, usually irrevocably. Moreover, 
it is very difficult to evaluate the efficacy of planning decisions. 
In fact, the effect of adopting one plan in preference to another may 
b a impossible to determine. 

One solution to the problem of appraising alternative plans is 
to adopt a plan, implement it and the t evaluate it in operation. The 
plan is modified, or alternate* plans are tested, until the desired 
objective is achieved. The fallacy of this procedure is quite obvi- 
ous, in that it is analagous to destructive testing in quality con- 
trol. Once the plan is placed in execution, the resources are com- 
mitted ^nd ultimately consumed, and the objective may or may not be 



1. Thin paper is based on an unpublished doctoral dissertation* 

Robert P. Beals; "Determination of Corporate Objectives and 
Evaluation of Alternative Strategies Through the Use of Simulation 
Models"; Texas A&M University, College Station, Texas; 1970. 
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tested during the next period but the original problem may have 
changed completely by this time. 

However, if a model, or representation, of the real situation 
could be developed and expressed in a form suitable lor study with the 
use of a computer, then the alternative long-range plans could be pre- 
tested in the model. 

A financial planning model was developed through cooperative re- 
search with the First National Bank of Saint Paul, Saint Paul, 
Minnesota and the Bank of A&M, College Station, Texas. The simulation 
model enables the planner, or a number of competing participants, to 
test the effect of alternative planning decisions upon balance sheet 
and income statement items over a f^ve-year planning period. The 
model is based on the requirements of a commercial bank, but it could 
be applied to other institutions, such as savings and loan associa- 
tions or insurance companies, with only minor modifications of the 
FORTRAN IV computer program. 



Development of the Model 

The purpose of the financial planning model is to enable manage- 
ment to test the effect over a future time period of alternative 
’’target" growth rates and changing interest rates on items of reve- 
nue, expense, and earnings as well as on assets, liabilities, equity 
and capital reserves. The simulation also projects the following key 
operating ratios for five years into the future: 

1. Return op assets 

2. Return on equity 

3. Capital to risk assets 

4. Capital to total assets 

5. Operating expense to operating J .ncome 

6. Total loans to total deposits 

7. Total investment to deposits 

8. Increase in total investment 

9. Increase in total deposits 
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A "cash retirement ratio" is included in the model as an addi- 
tional management control device. The Texas Banking Commission re- 
quires that all banks in the state maintain a minimum cash balance in 
excess of the sum of 15% of total demand (TDD) deposits and 5% of the 
total time deposits (TTD) . The rash requirement ratio (CRR) , there- 
fore, is defined as 

CRR = CASH/ (.15 TDD + .5 TTD) 

The other ratios are defined as follows: 

Return on assets 

ROA = EAT/TA 

Return on equity 

ROE * EAT/CANDR 

Capital to risk assets 

CTORA = CANDR/TEA 

Capital to total assets 

CTOTA - CANDR/TA 

Operating expense to operating income 
fiTOI = TE/TT 

Total loans to total deposits 

LTOD *= CO ML + MTCl + INSTL/TD(I) 

Total investment to total deposits 
INVTOD « TEA/TD(I) 

Increase in total investment 
ITI = TA(I)/TA(I-1) 

Increase in total deposits 
ITD - TD(I)/TD(I-1) 
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where 



EAT 88 i*et earnings after taxes 
TA * total assets 



CANDR = capital and reserves 

TEA = total earning assets 

TE « tota? operating expense 

TI = total income 

CO ML = commercial loans 

MTGL * mortgage loans 

TNSTL = installment loans 

TD(I) = total deposits in current year 

TD(I-l) = total deposits in previous year 

The balance sheet output of a sample run of the financial 
planning model is shown in Table 1. Table 2 displays the income 
sheet output and Table 3 shows the key operating ratios developed 
by the model for the base year (1968) and the .five planning years* 

(1969 - 1973). 

The balance sheet items are computed by the model by applying 
the target growth rates, as specified by the planner, to the assets 
and liabilities of the base year. The values of the revenue items 
for the five-year planning horizon are functions of the projected 
interest rates. This is also true of such expense classifications 
as savings deposits interest, savings certificates interest, and 
certificates of deposit interest. Payroll expense and other operating 
expense is determined by the application of forecasted annual rates 
of increase (or decrease) . 

The financial planning model was programmed in FORTRAN IV and 
required approximately eighty man-hours to program and debug. Using 
the WATFOR compiler, the time required for compilation on an IBM 
System 360/65 is less than five seconds and the execution time for 
each run is approximately 0.6 seconds. 
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Operation of the Model 



The model is designed for a five-year plan, but the model is 
operative for any number of years up to and including five. Data 
cards are prepared for all of the balance sheet items as of December 
31st of the base year, or January 1st of the first year of the simula- 
tion. A set of cards is also punched for the income and expenses in- 
curred during the base year. Then cards are prepared which specify 
the growth rates or expected interest rates to be used in the simula- 
tion for all of the balance sheet and income statement variables. 
Figure 1 illustrates the Input Data Sheet which facilitates the 
specification of planning parameters and serves as the input form for 
the key punching operation. 

The per cent of net iamings (after tax) to be paid out in 
dividends will also be specified by management for each of the five 
years of the simulation. Finally, management must predict the ex- 
pected price/earnings ratio and the number of outstanding shares of 
stock for the five years of v he simulation. This then completes the 
input preparation. 

The simulation model computes the projected values for all of the 
balance sheet and income statement items for up to five years into the 
future in accordance with the growth or interest parameters selected 
by the planning executive. These input parameters are displayed on 
the right hand side of the computer output sheets (see Tables 1 and 
2). For the balance sheet items the growth rate objectives are 
expressed in per cent increase per year. 

The item "additional funds required 11 at the bottom of the balance 
sheet simply serves to balance assets and liabilities and capital each 
year. Note in Table 1 that in Januaty, 1970 the additional funds re- 
quired are predicted to be $14,800. This means that the combined 
effect of all the growth rates assumed by the planner was to cause 
assets to exceed liabilities and capital by less than $13,000. Man- 
agement could either adjust certain asset growth rates downward or 
liability growth rates upward in order to reduce the additional funds 
required to a negligible amount. However, such a degree of precision 
is not expected nor required in this planning model. It is recom- 
mended that the additional funds figure be ignored as long as it is 
less than 10% of the total liabilities and capital. If it exceeds 
10% of liabilities and capital, as in the case of the year 1972 when 
liabilities and capital exceeded assets by $162,300, replanning 
should be undertaken to bring assets and liabilities into closer 
agreement. 

Turning now to the income statement, Table 1, it is noted that 
the majority of the planning parameters are estimates of the interest 
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rates which will be in effect in future years. The exceptions to 
this are service charges, other income payroll expense, other operat- 
ing expense, dividends paid, P/E ratio, and outstanding shares. 
Service charges are expressed as a per cent of individual deposits. 

In this hypothetical case, the management of the b nk has set for it- 
self the goal of reducing the service charge factor to from 4.0 down 
to 3.0 per cent, presumably through the application of data process- 
ing to the accounting functions. Other income, payroll expense, and 
other operating expense are expressed in terms of the annual increase 
in per cent. Dividends paid are expressed as a per cent of net earn- 
ings after tax. The price/eamings ratio is expected to rise to 20.0 
in 1969 and remain constant for the rest of the years of the simula- 
tion. The number of outstanding shares of stock will remain at their 
present value--44 , 000. The income tax rate is assumed to be 50% of 
net earnings in this simulation. Retained earnings are equal to net 
earnings after tax, less dividends. Earnings per share are found by 
dividing earnings after tax by outstanding shares. The projected 
market value of stock is determined by multiplying earnings per share 
by the price/eamings ratio. The retained earnings are transferred 
at the end of the year to the capital and reserves account on th* 
balance sheet. For example, by adding the $49,700 retained earnings 
of 1969 to the value of capital and reserves (1-1-69) $680,000 one 
obtains the January, 1970 value of capital and reserves — $729,700. 



Evaluation cf Model 



The financial planning mode 1 prepares pro forma balance sheets 
and income statements for five years into the future based on growth 
objectives and interest estimates furnished by the planning executive 
In addition, the model feeds back to management the values of ten key 
operating ratios for the current year and for the five planning yeats 
On the basis of the splected input parameters, the future financial 
health of the bank is summarized in Table 3. An analysis of this 
table reveals that return on assets dips the first two years and then 
rises gradually in 1971, 1972, and 1973. Return on equity increases 
spectacularly from 8.38% to 12.76%. Capital to assets and expense to 
income decline over the planning period which is a healthy sign. In 
1971 the cash requirement ratio rises to 1.06 which indicates 6% more 
cash than is required is being held in the cash account, rather than 
being used as an earning asset. 

In summary, the model gives every indication of performing 
satisfactorily, in that it appears to reflect the "real world" 
financial performance of the bank upon which the model was based. To 
ifgorously evaluate the model the simulated results given by the 
model must be compared to the actual results over a period of years. 
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Where deviations appear the model must be modified to align it more 
closely with the "real'* situation. This refinement exercise gives 
the planner a better "feel" for the business of banking, in addition 
to providing an accurate model which can be used to develop more pre- 
cise strategic plans. 



Conclusion and Recommendat i o ns for Future Research 



Simulation models have demonstrated the ease with which 
innumerable "what if" questions can be answered. The financial 
consequences of alternative plans can be reliably ascertained with 
the expenditure of but a few seconds ot computer time. For larger 
models, or smaller computers, the time may run into minutes, but still 
the cost is insignificant when compared to the value of the informa- 
tion now available to the planner. It must be recognized, however » 
that the design and implementation of a simulation model is a time- 
cor.suming and difficult process. The development of a model that can 
effectively be used for planning in a larger corporation is a monu- 
mental task, requiring ten to thirty man years of effort. But the 
cost of the model, if it is a close approximation of the "real 
world", should be quickly offset by the financial gains accruing to 
the firm as a result of more effective planning. 

Recommendations for future research pertaining to strategic 
planning and corporate simulation models fall into the following 
areas : 

1. Stock valuation modeling 

2. Current survey of corporate planning 

3. "Real world' 1 application of simulation models 

4. Real-time and modular approaches to developing and using 
simulation models 

3. Integration of the corporate planning model with the manage- 
ment information system 

A majority of the authorities on financial management suggest 
that the prime objective of the firm is to maximize the wealth of its 
stockholders, as measured by the market price. But there seems to be 
no unanimity on what determines the value of a share of stock. If 
managers knew the factors that influence stock values they would be 
able to make decisions which would favorably affect those factors and, 
in turn, result in stock price appreciation. There is certainly a 
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correlation between market price and earnings per share, but there is 
a more elusive factor, the price-earnings ratio, which seems to be 
directly influenced by the firm's growth rate. It is suggested that 
research be undertaken to determine the factors which contribute to a 
high P/E ratio and use this information to construct a stock valua- 
tion model. The model probably would incorporate the effect of 
dividend policy, growth in sales volume and assets, debt/equity and 
other operating ratios. 

There has not been a comprehensive survey of the ^state-of-the- 
art" of gorporate strategic planning. Ewing , Steiner , and 
Thompson made studies of limited numbers of firms some six to ten 
years ago, but a multitude of changes ^n businesses and their environ- 
ment has occurred since 1960. Sweet's study of 1964 surveyed only 
41 firms and the questionnaire was oriented toward the organization 
of the planning function. A survey of the techniques of corporate 
planning presently employed by the major corporations would be most 
helpful in providing a base for research on those techniques. 

Further, the study would serve to "cross-pollina te" planning innova- 
tions between the researcher and the participating firms and between 
the individual firms. 

It is recommended that research iri planning models be conducted 
in conjunction with companies in the United States to provide the 
necessary "real world" flavor to the simulation application. The 
author's experience in working with the Bank of A&M on the financial 
planning model supports the fact that both parties benefit from the 
joint research effort. It is predicted that the majority of the in- 
vited companies would enthusiastically support cooperating research 
projects in the field of computer simulation and modeling. 

In developing planning simulation models one discovers quite 
quickly that everything cannot be quantified. The "difficult 
variables" may be assumed to be constant or may be ignored and 
omitted from the model in order to render the model "workable." 



2. David W. Ewing (Editor); "Long-Range Planning for Management", 
Revised Edition; Harper & Row, Inc., New York; 1964. 

3. George A. Steiner (Editor); "Managerial Long-Range Planning"; 
McGraw-Hill Book Company, New York; 1963. 

4. S. Thompson; "How Companies Plan", Research Study No. 54; 
American Management Association, New York; 1962. 

5. V, H. Sweet; "Strategic Planning--A Conceptual Study"; Bureau 
of Business Research, University of Texas, Austin, Texas; 1964, 
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The danger is that these simplifying assumptions may also render the 
model "invalid". In fact, one author has charged that planners often 
make the universally invalid assumption that the real world is static. 
It is recommended that work be intensified in the field of "conversa- 
tional mode" real-time simulation. Such an approach would accelerate 
the development of the original model and would facilitate the use of 
the model as a planning tool by providing instantaneous response to 
the planner's queries. Moreover, variables which cannot be predicted 
or are inherently subjective could be supplied as needed by the 
planner. It is quite possible that a whole new discipline, "heur- 
istic planning", may evolve from this intimate man-machine-model re- 
lationship. 

Finally, the corporate planning model should help bring into 
being the long-awaited management information system. Computer 
scientists, systems analysts, programmers and, hopefully executives 
and line managers, are currently developing the elusive management 
information system in industry and in the university. It is 
suggested that the corporate simulation model could serve as the 
basis for the company management information system. The manage- 
ment information system must encompass the planning function as 
well as the control function for all levels of management. 

The external environment which includes the customer, the govern- 
ment, the investor and the general public, has long been the concern 
of the planner but has been largely ignored by the systems analyst. 

The environment, just as much as basic data banks, must be an in- 
tegral part of a comprehensive management information system. 

Through the combination of the eff jrts of the planner, the 
modeler, and the systems designer, the integration of planning and 
control could very well become an accomplished fact. Management 
will then be able to employ this powerful system to more effectively 
meet the challenges of the future. 
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TABLE 1 . PROJECTED BALANCE SHEET DATA 
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TABLE 3. PROJECTED OPERATING RATIOS 
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GAMING-SIMULATIONS OF ECONOMIC SYSTEMS 

James A, Zwememan 
Head, Economics Section 
Operations Research and Economics Division 
Research Triangle Institute 



Introduction 



It seems quite apparent that in recent years significant strides 
have been made in our ability to adequately model and represent a 
great variety of complex organizational and behavioral processes 
through simulation and related techniques. Even though we have not 
yet attained a fully acceptable and satisfactory level of development 
in our model constructions, it appears reasonable to assume that the 
time is not far off when a number of highly general, precise, and fully 
validated models of a wide range of system-types will be available 
for use in policy formulation at several levels. 

It has been pointed out, however, that the generation of models 
simply is not enough. Models must be employed affectively in the 
decisionmaking process to really justify the resources expended upon 
their development. Unfortunately, the models are, in many cases, used 
by persons quite different in nature and experience than those who 
have developed the models themselves. ^ 

Recent theoretical advances in the development of dynamic models, 
mathematical programming, simulation, and statistical techniques have 
led simultaneously to improvements in comprehensive data bases and 
accurate forecasting methodologies. These advances in quantitative 
analysis, as applied to behavioral as well as technical systems, have 
not been linked, as effectively as might be desirable, to the decision- 
making process in the formulation of national or lesser governmental 
policies. This gap, between analyst and policymaker, is no more 
evident than with respect to the procedures used to stipulate goals 
for econo jaic-sys terns 1 operations. 

The specification of public or general societal goals or objec- 
tives is never an easy task. Objective functions . . . 



1. Allan G. Feldt; "Potential Relationships Between Economic Models 
and Heuristic Gaming Devices"; paper presented at a symposium 
entitled, "The Role of Economic Models in Policy Foimulalion"; 
Office of Emergency Planning, Washington, D. 0., October JO-21, 
1966, p. 1. 
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,r . , . need to be based on the preferences of the 
elected officials and the citizenry .... Hope- 
fully, study can provide a rough picture of relative 
preferences and also some quantitative information 
on how the marginal trade-offs between objectives 
change with their level of attainment. Questions 
of consistency and uniformity of preferences should 
be studied across individuals and officials.^ 

The fact that the task of identifying goals is difficult offers 
no justification for rejecting attempts to do so. We, as analysts and 
practitioners, must concern ourselves with these tasks because those 
persons who have to make decisions cannot wait until the "science," or 
the art, of decisionmaking has been perfected. Even when goals are 
formally stated, 

11 ... it is difficult to determine . . . success 
or failure because of inadequate . . . definitions 
and statistical measures and because goals are 
frequently incompatible and no preference ordering 
among them can be determined.^ 

Current research efforts are being expended in order to help 
bridge the gap between analysis and policy, between researcher, and 
decisionmaker, lhe techniques being employed in this effort are 
designed to meet the following objectives: 

1. Facilitate an environment whereby policymakers can experience 
involvement with complex simulation models and systems. 

2. Demonstrate how gaming techniques and decision theory con- 
cepts can assist in the development of strategies for policy 
decisions consistent with goals and objectives that can be, 
in turn, determined by exercising the system. 

3. Explore new ways of using computers in an inteiactive mode 
for policy purposes. 



2. Charles C. Holt; "Quantitative Decision Analysis and National 
Policy; How Can We 3ridge the Gap? 11 ; in "Quantitative Planning of 
Economic Policy"; Bert C. Hickman, ed.; The Brookings Institution, 
Washington, D.C. , 1964 , pp. 255-257. 

3. Jack W. Wilson; "An Investigation of Macroeconomic Goals for the 
United States Economy"; (RM-OU-236-7) ; Research Triangle Institute, 
Research Triangle Park, North Carolina, 1967, p. 13. 
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This paper describes an adaptive modeling procedure that has 
been used effectively in the development of an economic strategy 
analysis game. The game, which is currently operational on several 
computer systems and is being utilized in different heuristic environ- 
ments, has been relatively successfuly in fulfilling, at least to some 
degree, the objectives listed above. One reason that helps explain 
this degree of success can be attributed to the gaming-simulation 
technique itself which ’’represents an advance over other traditional 
aids to resource allocation,"^ particularly in research efforts that 
have been directed toward the development of economic decisionmaking 
and investment planning models. 



An Economic Strategy Analysis Game 

Current computer technology permits on-line conversat ional-mode 
processing of large data bases and complex models; it calls for a 
different class of models than those designed for batch-processing 
computers. The Economic Strategy Analysis Game, ESA-1, is an inter- 
mediate step, or prototype, in the development of models which fully 
utilize this computing power and speed. One development in this class 
of models, referred to as adaptive models, as well as the full specifi- 
cations of the ESA-1 Game, is the result of recent research efforts. 5 

The game provides the basis for analyzing strategies employed by 
players relative to stated objective functions or player-modified 
preferences. The introduction of exogenous events and information 
systems provideo a basis for performing decision analyses and allows 
players to test alternative strategies. The gaming-simulation may also 
provide insight into the decisionmaking process by analyzing the infor- 
mation requests of the players and their reactions to particular 
si tuat ions . 

The game involves a procedure of adaptive modeling which synthe- 
sizes the empirical results, provided by core econometric models of 
economic systems, with the more abstract developments of decision 
analysis , 



4. Robert M. Renner ar,d Wilbur A. Steger; "Simulation and Long-Range 
Planning for Resource Allocation"; in "Quarterly Journal of 
Economics," Vol. LXXVI, May 1962, p. 240. 

5. A. H. Packer and J. A. Zwememan; "An Economic Strategy Analysis 
Game"; (KM-OU-2 36-10) ; Research Triangle Institute, Research 
Triangle Park, North Carolina, 1969. 
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The advantages and limitations of the decision-theoretic approach 
can be illustrated as follows. The state-of- the-world, either a macro- 
or micro-economic system, is defined by a set of uncontrollable 
variables (x) = X. The decisionmaker will be able to control a set of 
instruments { y } s Y. A decision determines the value for any y; a plan 
is a set of decisions which establishes the value for the entire set Y. 
Alternative world states or plans will be indicated by a superscript, 

i.e., X 1 or Yj ; subscripts will denote the time period, and an underline 
will indicate a sequence beginning at time t=0 and continuing until 
time t; e.g., X^. The planning period extends from t=0 to t=T. The 
decision theory problem is: 

Maximize: $ * ^(X^, ,Y^) (1) 

Subject to: X^ = VVW (2) 

where, in the adaptive case, a priori knowledge of certain relevant 
probability distributions (but not of u) is typically assumed for all t. 

If the constrained maximization problem can be solved explicitly, 
the solution will provide: 

1. The optimum strategy (or strategies in the case of multiple 
optima). Thus, there is no need to enter into a search 
process . 

2. An evaluation of the shadow prices of each of the constraints. 

3. A loss function that measures the suboptimality of suboptiTdal 
decisions and thus determines the value of information. 

A. An evaluation of flexibility within the concept of an optimum 
first period decision and optimum contingent future decisions 
based on alternative information sets. 

The limitations of the decision- theoretic approach are: 

1. The difficulty of obtaining an acceptable objective function. 

2. The restrictions which must be placed on the form of $ and G 
in order to obtain a solution explicitly. 

3. The unreasonable ass umpt ions--discussed below--about the 

a priori knowledge of the relevant probability distributions. 

The advantages of econometric modal building are: that the three 

limitations noted above are avoided, tha\ the results are based upon 
empirical data, and that the knowledge \s provided in conctete terms 
(for example, fiscal and monetary multipliers) which are immediately 
meaningful to decisionmakers. Adaptive nodeling attempts to gain some 
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of the advantages of the several approaches even though some of the 
vigor is dissipated in the heuristic procedure. 



The Procedures of Adaptive Modeling 

The most essential characteristics of adaptive models are: 

1. Their primary purpose is to aid in the development of 
strategies in situations in which planners are faced with the 
problem of dynamic decisionmaking under uncert aini ty . 

2. Their subject matter is complex socioeconomic systems for 
which objectives cannot be easily stated. 

3. The subject system is characterized by considerable uncer- 
tainty of two types] first, the relationships among the 
system's variables are not perfectly known and, second, ran- 
dom exogenous events are extremely important to system 
performance . 

4. The models are structured to represent the actual decision- 
making environment as realistically as possible and to take 
maximum advantage of the principles of decision analysis. 

5. The models are intended to be modified and extended as they 
are used. Further, the models are not restricted to 
empirically derived relationships but may include expert 
judgment concerning imperfectly known parameters and rela- 
tionships. However, the model's conclusions must be 
empirically testable. 

6. The models are designed to facilitate interaction between the 
users and the model. The most efficient way of accomplishing 
this will generally be to use computers in a conversational 
mode, i.e., to practice man-machine simulation. 

7. Adaptive models will usually have the first five, and perhaps 
all seven of the following components ; a primary model, a 
definition of the roles of decisionmakers, an objective 
function, an information system, a means of simulating a 
dynamic decision process, a library of exogenous events, and 
a set of auxiliary models. 

The primary model will be formal, that is, explicitly stated so 
that a computer program can be written to solve it. The primary model 
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in ESA-1 is a modified Wharton-EFU model. Some additional notation 
is required. Denote the primary model F and divide the set X in£o two 
subsets; denote the variables endogenous to the primary model X and 
those exogenous or predetermined X . Further, divide the set Y into 
two subsets; denote the variables exogenous to the primary model Y 
and those which do not appear in the primary model Y . Finally, 
denote the parameters of the primary model as n. The primary model F 
will provide conditional estimates of the s tate-of- the-world X c given 
specific values for the set of exogenous and predetermined variables 
X r , and the set of instruments Y^; 

.’•xj +1 = F (Jl|x*, Y*). (3) 

The roles of decisionmakers are defined in terms of their 
instruments (including the constraints they may face in manipulating 
the instruments), their t ransf onnat ion function, and their objective 
function. The genei^l case of joint decisionmaking is considered here. 
In this situation eacu of the decisionmakers is responsible for a sub- 
set of instruments. Thus, the set of instruments is divided in a 
number of not necessarily exclusive subsets: 

{y a > { y b } • • • (y r ) = Y. (4) 



Each decisionmaker deals with some abstraction of the reality; i.e., 
the economic system. This abstraction, the decisionmaker's trans- 
formation function, will contain the primary model described above 
and may also contain one or more auxiliary models as described below. 

In addition to the formal models there will usually be an informal 
part of the transformation function; this is the individual’s sub- 
jective concepts which he uses in his decisionmaking process. Fach 
decisionmaker may have his own objective function, <* a , $> , . • . , 
t r , and his own transformation function, G a , G^, . . ., G r . These 
latter possibilities will not be considered in the following discussion 
(i.e., all decisionmakers will be assumed to have a single objective 
and transformation function). 



The objective function evaluates conjunctions of alternative 
world-states X* and executed plans yJ . In the static or single period 
case : 



0 



t 



*<x[, yJ). 



(5) 



6, The Wh a r ton -Econometric Forecasting Unit is described in Michael 
K. Evans and Lawrence R. Klein; "The Wharton Econometric Fore- 
casting Model' 1 ; University of Pennsylvania, Philadelphia, 
Pennsylvania, 1967. 




: 6o 



6 



For the dynamic or multiperiod situation, it is identical to equation 
(1) discussed earlier, and shown below: 

* = kxJ> u> 

The information systems provides I = {F, H, } where F is the 
primary model, H is the set of auxiliary models, and R are reports. 

The decisionmaker's information may include conditional forecasts based 
on the primary and auxiliary models and reports on the performance of 
the system during the simulated period and on the possibility or 
occurrence of exogenous events. 

Conversational mode computing capacity provides the means of 
simulating the dynamic decision process. The decisionmakers need only 
develop plans one period at a time on the basis of information received 
the previous period. 

The library of exogenous events contains the set of possible shocks 
E which the economy may face in a simulation run, e.g., an international 
conflict of various types and magnitudes. A sequence of reports R(E) 
will be associated with the possibility of occurrence of each event E, 
The shocks may be called from the library in response to a monitor or 
referee, or by a random number generator. 

The final component of the adaptive modeling process is the set 
of auxiliary models H; these connect the primary model with the outside 
world or, more exactly, that part of the economic system which is not 
explicitly represented in the primary model. Three categories of 
auxiliary models can be identified depending upon the part of the 
outside world with which they deal. 

The first category links the primary model with the exogenous 
events previously discussed. In general, these events and their 
associated report* 5 affect either the exogenous variables or the error 
terms of the primary model. Denote the exogenous event category of 
auxiliary model as f ’ ; then 

(x*,u) * f r (R(E) J . (6) 

For example, if the primary model contains a dummy variable x* s whose 
value is one or zero depending on whether or not a rail strike is in 
progress, then the (very simple) auxiliary model would be: 

x* = 1 if rail strike is in progress 
ss 

x* = 0 if rail strike is not in progress, 
ss 

The second category of auxiliary models links the primary model 
with instruments which are available to the decisionmaker but which 
have not been included in the primary model. For example, tne Marten- 
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EFU model contains free reserves in the banking system as an exogenous 
variable; however, open-market operations of the Federal Reserve Board 
are not represented. For ESA-1 an auxiliary model defines a relation- 
ship between open market operations and net free reserves. Denote the 
omit ted-instrument category of auxiliary model as f M , then 

x* = f"(Y**) (7) 

where x* are exogenous variables of the primary model (such as free 
reserves) and Y* are instruments omitted in the primary model. 

It is generally true that whatever the level of aggregation in the 
primary model, decisionmakers will at some time be interested in 
specifics that are only visible in a more disaggregated model. If the 
primary model is of the macro-economic type, the performance of 
specific sectors, such as housing cv steel, will, at some time, enter 
the decisionmaker r s objective function (e.g. , he will be interested in 
balanced performance or balanced growth). It endogenous variables of 
the primary model are the explanatory variables in the auxiliary model, 
then the axuiliary model is referred to as disaggregating, is denoted 
g, and gives values of W excluded from the primary model as functions 
of the endogenous primary model variable; 

W = g(X**). (8) 

ESA-1 contains the components described above, i.e., a primary 
model, decisionmaker roles, an objective, function, an information 
system, a dynamic process, a library of exogenous events and the 
auxiliary models. The standard output includes aggregate levels of 
consumption, investment, employment, prices, wage rates, facror shares, 
changes in interest rates and the public debt, industrial capacity, 
ana exports and imports. 



ESA-1 is designed for four players: A monetary authority player 

and three players with fiscal responsibilities representing the 
Treasury Department, the Defense Department, and all other federal 
departments combined. Fiscal decisionmakers have seven policy 
instruments at their disposal. The monetary player has three policy 
instruments that he can use to influence the output of the economy. 

A series of exogenous shocks can be introduced into the gaming environ- 
ment by the referee. This permits a high degree of realism as well as 
new measures of uncertainty against whicn the players must react. The 
policyplayers are scored on the value of a number of economic indica- 
tors at the conclusion of each time period of play; they receive 
penalties, representing the political administrative costs of policy 
implementation, whenever certain policy instruments are altered and 
receive er.d-of-play bonuses or peralties for the average rate of 
absolute changes and indicators over the simulated period. The forms 
of the scoring equations are asymetric quadratic functions of deviations 
from target values, except for prices where a parabolic function is 
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used, A comprehensive information system, that has been designed with 
player strategies in mind, permits the players to test alternative 
policies and forecast results before actual decisions are made. 



Playing the Game 



When the initial values for the variables and instruments have 
been created, the ESA-1 is ready to play. The following specifies 
the steps to be taken during each successive round of play: 



1. The players receive the output, generated by the computer, 
listing the current values for the select variables. 

2. The referee may announce an exogenous shock to the economy. 

He may announce this with certainty, subject to a known 
probability distribution, or in some inexact manner (e.g., 

"In the opinion of the Secretary of Defense, the war will 
be over within six months, "). 

3. The players may ask (via console input) for additional 
information relating to any data generated by the model over 
the lact eight periods or for the selected annual data for 
the last five years; the requescs may include any simple 
arithmetic manipulation of the data. 

4. The players may ask for conditional forecasts. That is, they 
may estimate the impact of the shock announced by the 
referee upon the primary model variables, change (temporarily) 
those variables accordingly, and ask for the resulting solu- 
tion of the composite model. The referee may restrict the 
policypiayers to a limited number, .say three, forecasts, 

5. The players make their "moves" for the current period’s play 
of the game by typing the policy variables code names and 
their values at the console. 



6. The referee provides the appropriate input variables, i.e., 
shock parameters, to the auxiliary shock models by typing 
the variable code names and their numerical values at the 
remote console. The auxiliary model subroutine calculates 
values of the appropriate variables which are affected by the 
shock under consideration. These values are subsequently 
used to solve the game's primary model. 

7. The referee must also specify values for the remaining 
exogenous variables. 



8. The referee initiates the sc ’ .it ic^s of the primary model. 
The model is solved for the values of its endogenous 
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variables; thus indicating the response of the economy to 
both the shock and the player's moves for the time period 
being simulated. 

9. The results indicate the new state of economic system; the 
standard printout is provided to the players who then 
evaluate the data and additional information and prepare for 
the sequential time period. 



Conclusion 



This paper briefly described an Economic Strategy Analysis Game. 
The objective is not a recreational or educational game but a pro- 
cedure which can be employed by decisionmakers in developing the 
strategies of economic policy. ESA-1 has been demonstrated to 
economic policymakers, used by students of econometrics, and has been 
used in the development and requirement of a dynamic and operational 
adaptive modeling process. 

The emphasis on gaming concepts is not necessary to the adaptive 
modeling procedure. However, it does provide certain opportunities. 

One is to use the game in an experimental manner to induce the implicit 
objective functions of the players. A second is to experiment with 
alternative information systems or alternative organization of 
responsibilities. A third is to use the game in an operational manner 
in which individuals replace certain behavioral functions. However, 
the primary goal is decision analysis and the development of an ^aid to 
the decisionmaking process. 

The economic poli cyplayers , assuming roles of fiscal and monetary 
decisionmakers, and the game referee, who introduces exogenous changes 
to the economic system, provide a degree of realism. This realism is 
generally lacking, as are the conditions of uncertainty, when an 
econometric model is run through periods of time in a stable environ- 
ment. Repeated successive runs of such a model, allowing for changes 
in both input data and parameters, can certainly produce alternative 
forecasts, but the decision analysis is missing. 

This does not minimize the necessity for adequate primary models; 
the results generated by the model must be realistic and accurate 
enough to provide for a challenging gaming situation and to support 
real decisionmaking, ESA-1 employs a much-used and well-tested 
primary model. The additional gaming requirements are achieved through 
the use of auxiliary models. The players, who take over the functions 
of some of the actors in the decisionmaking process, are able to play 
against a recognizable environment which includes realistic relation- 
ships . 

The adaptive modeling technique may be evaluated in terms of the 
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following : 



1. The adaptive process is a gimmick (interesting or not) and 
the procedure adds nothing of importance to the use of 
economic models. 

2. Adaptive modeling may serve a useful purpose in an educa- 
tional setting as a supplement to, or partial replacement of, 
traditional courses; or as a training device for potential 
administrators . 

3. The procedure points the way to more efficient use of 
econometric models; the efficiency arising primarily from 
the computer technology (rapid turn around, more efficient 
communication, time-sharing) and not the decision-analysis 
framework. Additional gains may be achieved by enhancing 
the communication between economists and those decision- 
makers unfamiliar with economic models. 

4. The procedure accomplishes the objectives initially set out-- 
that of bringing the power of decision analysis (which is 
real and not only a theoretical construct) to bear upon the 
real problems of economic decisionmaking. 

The hope, of course, is that step 4, and steps 2 and 3 as well, 
can be achieved. If the evaluation is that the fourth step is not 
achieved, it may further be asked if the critic, feels the procedure 
does not effectively wed decision analysis to econometrics or if 
decision analysis has little meaning in practical situations. Of 
course, the ultimate answers to these questions will be found in the 
empirical evidence associated with the use (or non-use) of the suggested 
procedure by decisionmakers or their staffs. 
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"A SOCIAL SIMULATION STRATEGY FOR RESEARCHING THE 

ISRAELI-ARAB CONFLICT" 

Joseph D. Ben-Dak 
University of Michigan 
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A SOCIAL SIMULATION STRATEGY 
FOR RESEARCHING THE ISRAELI-ARAB CONFLICT 



(an abstract) 

JOSEPH D. BEN-DAK 

Center For Research on Conflict Resolution, 
University of Michigan 

Harry S. Truman Center for the Advancement of Peace, 
The Hebrew University, Jerusalem 



Social simulation strategy seems partlcularl ly appropriate to research 
in the Israeil-Arab conflict when one considers how little opportunity exists 
in conventional research methods to appraise the situation before It actually 
occurs, coupled with potentiality to stop the blind process of competition 
between collectivities from taking its toll. Typical assessments offer a 
show-down of one kind or another (Sharabi, 1969) or protracted and Irrecon- 
cilable positions (Q£. Harkabrt, 1968)* 

It could be argued that In this type of conflict the structural properties 
of the simulation should induce: 

1) articulation of superordinate goals (following Sherlf, et al); 

2) exploration of new resources, different use of available resources, 
and articulation of new bases for exchange (somewhat following Boulding f s 
idea of an Integrative system to replace organized order by threat systems); 

3) dellnlation of certain patterns of association and dl sassoclatlon 
policies resulting in a higher potential for peace (following Galtung f s con- 
ceptualization of rank-dependent international interaction). 

4) extraction of the conditions of awareness of the other party and 
an approach toward optimal empathy with it (In very much a precise active 
negation of what Hammond refers to as "rapid proliferation into self-contained 
systems of thought"); 

5) , the shaping and learning of winning strategies, By this wo mean 
a somewhat more complex understanding of the term "strategy" than is meant 
byfehlid and Inbar. For example, game participants would have to contrive 
or perceive contingencies as well as to select between various aspects of 
the game. 

The suggested strategy utilizes an average of 80 hours from appreximately 
80 participants spread over a period of a month and a half, Within this period 
the actual game Is played twice. Players assume diametrically opposed roles 
and each prepares a working document in which they sensitize as well as 
compile the best available data on their countries and on the personality 
involved. It has been found that this frame of reference maximizes the 
simulation pay-off. 

A model of the game is supplied. Various characteristics of the game 
account for special conduciveness for the mentioned research directions. For 
example, this particular game contains (l) a random profile of Information 
in excess of requested information, so that participants may experiment with 
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data ret conventionally understood to be relevant, (2) a Peace Specialist 
group that frequently proposes peace-oriented strategies to parties, and 
(3) opportunities for coalition formation that is required to be different 
from block formation, but which Is at the same time absolutely open to 
any form of experimentation with new allies. 

In addition to the general scenario which for each game is somewhat 
more that the sum-total of all the working documents, Input events at the 
very start of the game and again at about the mid-point shape a special 
kind of psychological predisposition and are the only times that the 
simulation control group intervenes. For each role in the game there is 
at least one validator who operates very much like the INS. An extremely 
low record of validation for a specific goal may result in replacing the 
role-player with the validator. 

This strategy has been run three times, primarily at the University 
of Michigan, and has demonstrated a need for a much more sensitized level 
of research. It appeared in two games that the Middle East compet 
between the Big Powers, especially as the role of People's China became 
more salient, induced the parties to the Israell-Arab conflict to re- 
consider their stands vis a vis the major powers in light of a new set 
of potential hazards. In these games. Internal processes In Egypt (change 
of government) and a take-over of Jordan by al Fatah (guerrlia group I) 
leads to some receptivity of the idea of a loose political unification 
which seems plausible to Israel's leadership as a devise to put an end 
to manipulation by the major powers. In spite of excoriation inside and 
outside Israel, a unification takes place which involves some concessions 
to the refugees and the simulation ends with an outstandingly low level 
of tension and hostility. 

This in turn exemplifies the need to research (l) China's future 
capability of Influence in the Middle East (ideologically, politically,, 
economically etc. ); (2) the possible influence of China, the Soviet 
Union and the United States on "regional" politics; (3) prospects for t 
"regional" unity transcending tha Israeil-Arab conflict; (4) possible 
changes in leadership within certain time boundaries; (5) conceptions of 
the "hazards" of war and the willingness to nay their toll of inability 
to use natural resources optimally; and (6) the interaction of the above. 
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Abstrac t 

Two specific gaming techniques are subjected to a critical 
analysis of their utility and inter-rela tlonship in the solution of 
actual problems associated with the development of an emergency opera- 
tions capability at community level* These are Community Response 
Game (a nuclear attack version of Community Disaster) and Emergency 
Operations Simulation (a simulation-based training tool aimed at 
increasing the direction and control capability of local government 
emergency operations personnel)* Particular emphasis is placed on 
experimental approaches being applied to the evolutionary development 
of better "briefcase 1 ' games* 



Introduction 



J. Coleman advised me (13 March) that our theme is "Abstraction 
versus realism • • *" and I take issue immediately*, I prefer AflR, 
where A is abstraction and R is realism. What bothered me was the word 
versus and its either/or connotation. We probably agree that games are 
models of conflict, but let’s not have "armed camps" when we approach 
the problem of game design; rather: boldness fl judgement, necessity/) 

sufficiency . 

I am not a profesaiona 1 'fcamer . ,r I have, however, par c 1c Ipa te d in 
a number of "gaming" experiences, analyzed several large and small, 
computer-assisted and manual, military, socio-economic, and behavioral 
simulations; and I do engage in the usual games people play.^ But 
then, I have never designed a game, so I am not really a ’’garner." 



1. Berne, Eric; "Games People Play"; New York, Grove Press, 1964* 
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Hence, I now run the risk of learning that: (1) I really don't know 

enough about M gaming ,r to be playing the "game" at hand or (2) I have 
not devised a new approach to game design or (3) both. But, no matter, 
for I will still have experienced what to me has been "to see or tell 
some new thing, 



An underlying motivation for this project is the several recent 
indications that better "bcitfcase" games are needed.** A more pressing 
motivation is a "need" expressed by my boss, to the effect that the 
principal "gaming" tool used by the Office of Civil Defense, Emergency 
Operations Simulation Training (EOST)^ could probably stand some 
s implif icat ion . 



Approach 



The elegance (and frequent elusiveness) u' necessity and suffi- 
ciency should probably be applied to all stages of human endeavor; at 
least, I intend to apply it here. 

A first question, then, r is: has someone else already, at least, 

tried to solve this problem?-* Investigation showed that Community 
Response Game (CRG),® at least, fulfilled two requirements: CRG was 

and is a " briefcase " gar ., and it is simpler than EOST, However, as 
would be expected, CRG had certain less than adequate "behavioral" 
characteristics, as will be described shortly. The thought then 
occurred: why not take CRG and EOST and "converge" in a logical 
fashion on the desired product, which we shall call, for the moment, 
Civil Defense Operational Game (CDOG)?? Now, how tc do this? 



2, Hildebrand, Joel H. ; "To Te:ll or Hear Some New Thing"; 
Ame rican Scientist ; March 1963. 



3, "Proceedings, National Gaming Council"; Eighth Symposium; 
BAAR, Ir.c., June 1969. 



4. "Emergency Operations Simulation Training", SM 4.1.1 (Operations 
Manual) and SM 4.1 2 (Simulation Manual), DoP, Office of Civil 
Defense, January 1967. 

5. Polya, G.; "How to Solve Iv"; Princeton, New Jersey; Princeton 
University Press, 1943. 




6, Community Response Game, "Administrators Manual." Designed L> 

Academic Games Associates (for Che Office of Civil Defense); pub- 
lished by .he Simulmatics Corp.; manufactured by SMG, Inc., 1966, 



7. with acronymic apologies to the proponent of the Army's Combat 
Developments Objectives Guide! 
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